This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2000-1 68073 

(43)Date of publication of application : 20.06.2000 



(51)Int.CI. B41J 2/045 

B41J 2/055 
B41J 2/16 
H01L 41/083 
H01L 41/187 
H01L 41/22 



(21) Application number : 10-342003 (71 Applicant : MURATA MFG CO LTD 

(22) Date of filing : 01 .1 2.1 998 (72)Inventor : SUBE MITSURU 

KONO YOSHIAKI 



(54) PIEZOELECTRIC ACTUATOR, MANUFACTURE THEREOF AND INK JET HEAD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a multiplayer piezoelectric actuator 
in which the inner electrode has a profile approximate to design values and 
fluctuation of displacement is suppressed. 

SOLUTION: A plurality of first and second inner electrodes 7, 10 are 
arranged in a sintered ceramic 1 7 through a ceramic layer while being 
overlapped in the thickness direction. The first and second inner electrodes 
7, 10 are led out alternately to first or second side face 17a, 17b in the 
thickness direction and first and second outer electrodes 15, 16 are formed 
to cover the first or second side face 1 7a, 1 7b. The ceramic layer is 
polarized in the thickness direction between the inner electrodes 7, 10 and, 
at the height where the inner electrodes 7, 10 are formed, dummy 
electrodes 8, 11 are formed between the end of the inner electrodes 7, 10 
on the side opposite to the side where the outer electrodes 1 5, 1 6 are 
connected electrically, and the counterpart outer electrodes 15, 16. 





LEGAL STATUS 

[Date of request for examination] 25.07.2000 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 

[Patent number] 3319413 

[Date of registration] 2 1 .06.2002 

[Number of appeal against examiner's decision of 
rejection] 



http://www 1 9.ipdl.jpo.go.jp/PA 1 /result/detail/main/wAAA6fa4MtDA4 1 2 1 68073P 1 .htm 



3/31/2004 



Pagel of 2 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] [ in the ceramic sintered compact which has the 1st and 2nd side face which consists of electrostrictive 
ceramics and counters each other, the 1st and 2nd external electrode formed in the 1st and 2nd side face of said ceramic 
sintered compact, respectively, and said ceramic sintered compact ] In the height location in which two or more internal 
electrodes which the laminating is carried out and are electrically connected to the 1st or 2nd external electrode so that it 
may overlap in the thickness direction through a ceramic layer, and said internal electrode are formed The edge 
connected with the external electrode of this internal electrode is equipped with the dummy electrode prepared between 
the external electrodes by which this internal electrode is not connected with the edge of the opposite side. The 
electrostrictive actuator characterized by being formed in all between the edge of the internal electrode by which this 
dummy electrode is connected with the said 1st and 2nd external electrode, and the 2nd and 1st external electrode. 
[Claim 2] The electrostrictive actuator according to claim 1 which is formed in ceramic at least 1 of the ceramic layer 
between the internal electrodes which adjoin each other in the direction of an internal electrode laminating, and/or the 
ceramic layers of the outside of the internal electrode of a direction of laminating maximum outside, and is 
characterized by having further the float electrode of at least one layer prepared so that it may not connect with the 1st 
and 2nd external electrode electrically. 

[Claim 3] The electrostrictive actuator according to claim 1 or 2 to which distance between the dummy electrode side 
edge section of said internal electrode and a dummy electrode is characterized by being referred to as 100 micrometers 
or less. 

[Claim 4] [ in the ceramic sintered compact which has the 1st and 2nd side face which consists of electrostrictive 
ceramics and counters each other, the 1st and 2nd external electrode formed in the 1st and 2nd side face of said ceramic 
sintered compact, respectively, and said ceramic sintered compact j Two or more internal electrodes which the 
laminating is carried out and are electrically connected to the 1 st or 2nd external electrode so that it may overlap in the 
thickness direction through a ceramic layer, It is formed in at least one ceramic layer among the ceramic layer between 
the internal electrodes which adjoin each other in the direction of a laminating, and/or the ceramic layer of the outside of 
the internal electrode of a direction of laminating maximum outside. The electrostrictive actuator characterized by 
having the float electrode of at least one layer prepared so that it may not connect with the 1 st and 2nd external 
electrode electrically. 

[Claim 5] The process which prints an internal electrode and a dummy electrode on the green sheet which makes 
electrostrictive ceramics a subject, The laminating of the green sheet of two or more sheets with which said internal 
electrode and the dummy electrode were printed is carried out. With the near edge where it is drawn by the 1st side face 
or 2nd side face which two or more internal electrodes counter each other by turns in the thickness direction, and the 
internal electrode is drawn, the edge of the opposite side, The edge of the internal electrode by which a dummy 
electrode is arranged between the near side faces in which this internal electrode is not drawn, and this dummy electrode 
is connected with the said 1st and 2nd external electrode, The process which obtains the layered product currently 
formed in all between the 2nd and 1st external electrode, The process which calcinates said layered product and obtains 
a ceramic sintered compact, and the process which forms the 1st and 2nd external electrode in the 1st and 2nd side face 
in which the internal electrode of said ceramic sintered compact is drawn, The manufacture approach of an 
electrostrictive actuator characterized by having the process which impresses and polarizes direct-current electric field 
in the said 1st and 2nd external inter-electrode one. 

[Claim 6] The process which prints an internal electrode and a dummy electrode on the green sheet which makes 
electrostrictive ceramics a subject, The process which prints a float electrode on the green sheet which makes 
electrostrictive ceramics a subject, The laminating of the green sheet of two or more sheets with which the internal 
electrode and the dummy electrode were printed, and the green sheet with which said float electrode was printed is 
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carried out. The float electrode of at least one layer is arranged at at least one ceramic layer among the ceramic layer 
between the internal electrodes which adjoin each other in the direction of a laminating, and/or the ceramic layer of the 
outside of the internal electrode of a direction of laminating maximum outside. With the near edge where two or more 
internal electrodes are drawn by the 1st and 2nd side face by turns in the thickness direction, and the internal electrode is 
drawn, and the edge of the opposite side, The process which obtains the layered product by which the dummy electrode 
is arranged between the near side faces in which this internal electrode is not drawn, The process which calcinates said 
layered product and obtains a ceramic sintered compact, and the process which forms the 1st and 2nd external electrode 
in the 1st and 2nd side face of said ceramic sintered compact, respectively, The manufacture approach of an 
electrostrictive actuator characterized by having the process which impresses direct-current electric field to the said 1st 
and 2nd external inter-electrode one, and polarizes a ceramic sintered compact. 

[Claim 7] The ink jet head which is opened for free passage by the nozzle which carries out the regurgitation of the ink, 
and said nozzle, and is characterized by having the ink room constituted so that the wall surface of the at least 1 section 
might have flexibility, and the electrostrictive actuator according to claim 1 to 4 arranged near the ink room so that said 
ink room can be pressed. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an ink jet head by improving electrode structure in a detail more at the 
electrostrictive actuator by which the variation in the amount of displacement is reduced, and its manufacture approach 
list about the ink jet head which used this electrostrictive actuator for the electrostrictive actuator and its manufacture 
approach list of the laminating mold with which the laminating of two or more internal electrodes is carried out through 
the ceramic layer. 
[0002] 

[Description of the Prior Art] Conventionally, in the ink jet head of an ink jet printer, in order to carry out the 
regurgitation of the ink of the specified quantity, the electrostrictive actuator is used. An example of the conventional 
electrostrictive actuator is explained with reference to drawing 9 . 

[0003] The electrostrictive actuator 71 is constituted using the ceramic sintered compact 72. The ceramic sintered 
compact 72 is constituted by electrostrictive ceramics like the titanic-acid lead zirconate system ceramics. 
[0004] In the ceramic sintered compact 72, two or more internal electrodes 73a-731. are formed so that it may overlap in 
the thickness direction. Internal electrodes 73a, 73c, 73e, 73g, 73i, and 73k are pulled out by 1st side-face 72a of the 
ceramic sintered compact 72. On the other hand, internal electrodes 73b, 73d, 73f, 73h, 73j, and 731. are pulled out by 
side- face 72b of the opposite side which counters each other with 1st side-face 72a. 

[0005] The 1st external electrode 74 is formed in the 1st side- face 72a, and the 2nd external electrode 75 is formed in 
the 2nd side-face 72b. Moreover, as the arrow head of illustration shows, polarization processing of the ceramic layer 
pinched in internal electrode 73a-731. is carried out in the thickness direction. That is, in the thickness direction, 
polarization processing of the ceramic layer of the both sides of an internal electrode is carried out to hard flow by turns. 

[0006] Therefore, the part to which polarization of the electrostrictive actuator 71 is carried out by the piezo-electric 
effect displaces by impressing an electrical potential difference between the external electrode 74 and 75. With the ink 
jet head of the conventional ink jet printer, the ink of the specified quantity was breathed out from the ink room by 
carrying out the variation rate of the above-mentioned electrostrictive actuator 71 , and pressing an ink room by the 
electrostrictive actuator 71 . Therefore, in order to carry out the regurgitation of the ink with high precision, it is called 
for strongly that the variation in the amount of displacement of an electrostrictive actuator 71 is small. 
[0007] 

[Problem(s) to be Solved by the Invention] However, when many electrostrictive actuators 71 were manufactured, there 
was a problem that the variation in the displacement property in each electrostrictive actuator was comparatively large, 
moreover, the variation rate of the above-mentioned electrostrictive actuator 71 — notching of plurality [ part ] — 
forming - two or more variation rates — the case where a part is constituted - a variation rate - between parts - a 
variation rate - there was also a problem that the variation in an amount was seen. 

[0008] Therefore, when the ink jet head of an ink jet printer was constituted using the above electrostrictive actuators, it 

was difficult to carry out the regurgitation of the ink of the specified quantity with high precision. 

[0009] The purpose of this invention is to offer the electrostrictive actuator and its manufacture approach with little 

variation of the amount of displacement. Other purposes of this invention are to offer the ink jet head which can breathe 

out the ink of the specified quantity with high precision. 

[0010] 

[Means for Solving the Problem] Since the metal which constitutes the internal electrodes 73a-731. in the ceramic 
sintered compact 72 diffused an invention-in-this-application person on the occasion of baking as a result of examining 
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the reason nil why the variation in the amount of displacement is large, in the above-mentioned electrostrictive actuator 
71 , and he did not have the dimension as a design value, he checked that the variation in the amount of displacement 
had arisen. Therefore, when controlling diffusion of the internal electrode configuration metal for the above-mentioned 
baking, the variation in the amount of displacement thinks that few electrostrictive actuators can be obtained, and it 
came to make this invention. 

[001 1] That is, the electrostrictive actuator concerning this invention has the structure where the diffusion for baking of 
an internal electrode configuration metal is controlled, and reduction of the variation in the amount of displacement is 
achieved by it. 

[0012] The electrostrictive actuator concerning invention of the 1st of this application [ in the ceramic sintered compact 
which has the 1st and 2nd side face which consists of electrostrictive ceramics and counters each other, the 1st and 2nd 
external electrode formed in the 1st and 2nd side face of said ceramic sintered compact, respectively, and said ceramic 
sintered compact ] In the height location in which two or more internal electrodes which the laminating is carried out 
and are electrically connected to the 1st or 2nd external electrode so that it may overlap in the thickness direction 
through a ceramic layer, and said internal electrode are formed The edge connected with the external electrode of this 
internal electrode is equipped with the dummy electrode prepared between the external electrodes by which this internal 
electrode is not connected with the edge of the opposite side. This dummy electrode is characterized by being formed in 
all between the edge of the internal electrode connected with the said 1st and 2nd external electrode, and the 2nd and 1st 
external electrode. 

[0013] In the electrostrictive actuator which the 1st invention requires, diffusion of the internal electrode configuration 
metal which goes to a dummy electrode side from an internal electrode by formation of the above-mentioned dummy 
electrode is controlled. 

[0014] Moreover, it not only prepares the above-mentioned dummy electrode, but in the electrostrictive actuator 
concerning the 1st invention, it may prepare a float electrode and you may control the diffusion to the thickness 
direction of an internal electrode configuration metal. In this case, a float electrode is carried out at least one 
stratification into at least one ceramic layer among the ceramic layer between the internal electrodes which adjoin each 
other in the direction of a laminating, and/or the ceramic layer of the outside of the internal electrode of a direction of 
laminating maximum outside. 

[0015] In the electrostrictive actuator concerning the 1st invention, preferably, the edge by the side of the dummy 
electrode of the above-mentioned internal electrode and distance between dummy electrodes are set to 100 micrometers 
or less, and the diffusion by the side of the dummy electrode of an internal electrode configuration metal is effectively 
controlled by it. If this distance exceeds 100 micrometers, the effectiveness which prepared the dummy electrode and 
controlled diffusion of an internal electrode configuration metal will become small. 

[0016] The electrostrictive actuator concerning invention of the 2nd of this application [ in the ceramic sintered compact 
which has the 1st and 2nd side face which consists of electrostrictive ceramics and counters each other, the 1st and 2nd 
external electrode formed in the 1st and 2nd side face of said ceramic sintered compact, respectively, and said ceramic 
sintered compact ] Two or more internal electrodes which the laminating is carried out and are electrically connected to 
the 1st or 2nd external electrode so that it may overlap in the thickness direction through a ceramic layer, It is formed in 
at least one ceramic layer among the ceramic layer between the internal electrodes which adjoin each other in the 
direction of a laminating, and/or the ceramic layer of the outside of the internal electrode of a direction of laminating 
maximum outside. It is characterized by having the float electrode of at least one layer prepared so that it may not 
connect with the 1st and 2nd external electrode electrically. 

[0017] The process which prints an internal electrode and a dummy electrode on the green sheet which the 3rd invention 
is the manufacture approach of the electrostrictive actuator concerning the 1st invention, and makes electrostrictive 
ceramics a subject, The laminating of the green sheet of two or more sheets with which said internal electrode and the 
dummy electrode were printed is carried out. With the near edge where it is drawn by the 1st side face or 2nd side face 
which two or more internal electrodes counter each other by turns in the thickness direction, and the internal electrode is 
drawn, the edge of the opposite side, The edge of the internal electrode by which a dummy electrode is arranged 
between the near side faces in which this internal electrode is not drawn, and this dummy electrode is connected with 
the said 1st and 2nd external electrode, The process which obtains the layered product currently formed in all between 
the 2nd and 1st external electrode, It is characterized by having the process which calcinates said layered product and 
obtains a ceramic sintered compact, the process which forms the 1st and 2nd external electrode in the 1st and 2nd side 
face in which the internal electrode of said ceramic sintered compact is drawn, and the process which impresses and 
polarizes direct-current electric field in the said 1st and 2nd external inter-electrode one. 

[0018] The process which prints an internal electrode and a dummy electrode on the green sheet which the 4th invention 
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is the manufacture approach of the electrostrictive actuator concerning the 2nd invention, and makes electrostrictive 
ceramics a subject, The process which prints a float electrode on the green sheet which makes electrostrictive ceramics a 
subject, The laminating of the green sheet of two or more sheets with which the internal electrode and the dummy 
electrode were printed, and the green sheet with which said float electrode was printed is carried out. The float electrode 
of at least one layer is arranged at at least one ceramic layer among the ceramic layer between the internal electrodes 
which adjoin each other in the direction of a laminating, and/or the ceramic layer of the outside of the internal electrode 
of a direction of laminating maximum outside. With the near edge where two or more internal electrodes are drawn by 
the 1st and 2nd side face by turns in the thickness direction, and the internal electrode is drawn, and the edge of the 
opposite side, The process which obtains the layered product by which the dummy electrode is arranged between the 
near side faces in which this internal electrode is not drawn, It is characterized by having the process which calcinates 
said layered product and obtains a ceramic sintered compact, the process which forms the 1st and 2nd external electrode 
in the 1st and 2nd side face of said ceramic sintered compact, respectively, and the process which impresses direct- 
current electric field to the said 1st and 2nd external inter-electrode one, and polarizes a ceramic sintered compact. 
[0019] The 5th invention is the ink jet head constituted using the electrostrictive actuator concerning this invention, and 
the nozzle which carries out the regurgitation of the ink, and said nozzle are open for free passage, and it is 
characterized by having the ink room constituted so that the wall surface of the at least 1 section might have flexibility, 
and the electrostrictive actuator according to claim 1 to 4 arranged near the ink room so that said ink room can be 
pressed. 
[0020] 

[Embodiment of the Invention] By explaining the concrete example of this invention hereafter explains this invention to 
a detail more. 

[0021] With reference to drawing 1 - drawing 6 , the manufacture approach of the electrostrictive actuator concerning 
the 1st example of this invention and the structure of this electrostrictive actuator are explained. First, using the slurry 
which uses titanic-acid lead zirconate system piezo-electricity ceramic powder as a principal component, sheet forming 
is carried out with a doctor blade method, and a green sheet with a thickness of about 20-100 micrometers is obtained. 
This green sheet is cut in a rectangle configuration. 

[0022] After an appropriate time, an internal electrode and a dummy electrode are printed on the top face of the above- 
mentioned green sheet. This printing is performed by printing by screen-stencil and drying so that it may become the 
thickness of about several micrometers about an Ag-Pd paste. Two or more sheet laminating of the green sheet obtained 
as mentioned above is carried out, and a layered product is obtained. This laminating approach is explained with 
reference to dr awing 2 . 

[0023] In d rawing 2 , the green sheets 1-6 which constitute the upper part part of a layered product are illustrated. Green 
sheets 1 and 2 are plain green sheets with which the internal electrode and the dummy electrode are not printed by the 
top face, and constitute the maximum upper layer of a sheet layered product. 

[0024] On a green sheet 3 and 5, the 1st internal electrode 7 and the 1st dummy electrode 8 are printed. The 1st internal 
electrode 7 is formed so that the edges 3a and 5a by the side of one long side of green sheets 3 and 5 may be met. 
Moreover, the 1st dummy electrode 8 is formed so that the long side side edge edges 3b and 5b of another side of green 
sheets 3 and 5 may be met. The internal electrode 7 and the dummy electrode 8 separated the gap 9, and have countered. 

[0025] The 2nd internal electrode 10 and the 2nd dummy electrode 1 1 are formed in the top face of green sheets 4 and 
6. The 2nd internal electrode 10 and the 2nd dummy electrode 1 1 are formed in the opposite side in a green sheet 3, the 
1st internal electrode 7 currently formed on five, and the 1st dummy electrode 8. That is, when a laminating is carried 
out, the 2nd dummy electrode 1 1 is formed so that edge 4a of a green sheet 4 located in the location which laps with the 
edges 3a and 5a of green sheets 3 and 5 may be met, and the 2nd internal electrode 10 is formed so that the other-end 
edges 4b and 6b may be met. 

[0026] Moreover, the 2nd internal electrode 10 and the 2nd dummy electrode 1 1 separated the gap 12, and have 
countered. Two or more sheet laminating of the above-mentioned green sheets 3 and 5 and the green sheets 4 and 6 is 
carried out by turns, and a layered product is obtained by carrying out the laminating of the plain green sheets 1 and 2, 
and pressurizing a plain green sheet (not shown) for them in the thickness direction as well as the bottom, at the topmost 
part. 

[0027] Thus, the obtained layered product is shown in drawing 3 (a) and (b). Two or more 1st internal electrodes 7 are 
drawn by the 1st side-face 13a of a layered product 13 so that clearly from drawing 3 (b). Moreover, the 2nd internal 
electrode 10 is drawn by the 2nd side-face 13b. 

[0028] Moreover, in the height location in which the 1st internal electrode 7 is formed, the 1st dummy electrode 8 is 
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formed and the 1st dummy electrode 8 is drawn by 2nd side-face 13b. Similarly, the 2nd dummy electrode 1 1 is drawn 
by 1st side-face 13a in the height location in which the 2nd internal electrode 10 is formed. 

[0029] Next, the above-mentioned layered product 13 is calcinated at the temperature of about 1000-1200 degrees C for 
several hours, and a ceramic sintered compact is obtained. The 1st and 2nd external electrode is formed so that the 1st 
and 2nd side face of the ceramic sintered compact obtained as mentioned above may be covered. The ceramic sintered 
compact 17 with which the 1st and 2nd external electrode 15 and 16 was formed in drawing 4 (a) and (b) is shown. The 
1st and 2nd external electrode 15 and 16 is constituted by forming membranes by the thin film forming methods, such as 
ion plating, one by one, and carrying out the laminating of Cr, Cu, nickel, and the Au. In this example, thickness of the 
whole external electrodes 15 and 16 is set to about 1 micrometer. But the 1st and 2nd external electrode 15 and 16 can 
form a proper conductive ingredient by giving by the proper approach. 

[0030] The 1st external electrode 15 is formed so that 1st side-face 17a may be covered, and is electrically connected to 
the 1st internal electrode 7 and the 2nd dummy electrode 1 1 so that clearly from drawing 4 . Moreover, the 2nd external 
electrode 16 is formed so that 2nd side-face 17b may be covered, and it is electrically connected to the 2nd internal 
electrode 10 and the 1st dummy electrode 8. 

[0031] Next, the ceramic sintered compact 17 is polarized by impressing direct current voltage between the external 
electrode 15 and 16. In this case, since direct-current electric field are impressed between the adjacent internal electrode 
7 and 8, as an arrow head shows to drawin g 1 (b), in the thickness direction, polarization processing of the ceramic layer 
of the both sides of an internal electrode 7 or an internal electrode 8 is carried out to hard flow. 
[0032] The electrostrictive actuator 18 of this example shown in drawing 1 (a) and (b) as mentioned above is obtained. 
In an electrostrictive actuator 18, an internal electrode 7 and the ceramic layer between 1 1 expand in the thickness 
direction and contract according to the piezo-electric effect by impressing an electrical potential difference between the 
1st, the 2nd external electrode 15, and 16. Therefore, the desired amount of displacement can be obtained by adjusting 
the electrical potential difference to impress. 

[0033] And in an electrostrictive actuator 18, the variation in the amount of displacement is small. This is explained 
below. A gap 9 is separated, the 1st dummy electrode 8 is formed, a gap 12 is separated in the same height location as 
the 1st internal electrode 7 by the same height location as the 2nd internal electrode 10, and the 2nd dummy electrode 1 1 
is formed in it. Therefore, in the baking process for obtaining the ceramic sintered compact 17, although it is going to 
spread in the ceramics the metal which constitutes internal electrodes 7 and 10, it is also going to diffuse in the ceramics 
the same metal which constitutes the dummy electrodes 8 and 1 1 at internal electrode 7 and 10 side. Consequently, 
diffusion of the dummy electrode 8 and the internal electrode configuration metal which goes to 1 1 sides is controlled 
from internal electrodes 7 and 10. Therefore, internal electrodes 7 and 8 are maintained by the configuration near the 
configuration as a design, and the variation in the amount of displacement is reduced by it. 
[0034] Next, the ink jet head constituted using the electrostrictive actuator 18 of the above-mentioned example is 
explained. Drawing 5 (a) and (b) are the schematic-drawing-perspective views for explaining the ink jet head constituted 
using the above-mentioned electrostrictive actuator 18. Two or more displacement section 18a is formed in the side in 
which the 1st external electrode 15 of an electrostrictive actuator 18 is formed. Two or more of these displacement 
section 18a is constituted by disconnecting an electrostrictive actuator 18 in the direction which intersects 
perpendicularly with an internal electrode so that displacement section 18a of about 50-micrometer width of face may 
be constituted in the side in which the 1st external electrode 15 is formed so that it may expand to drawing 5 (b) and 
may be shown. Cutting slot 18b is carried out to to near [ in which the 2nd external electrode 16 is formed ] the part. 
That is, since the part which the 1 st internal electrode 7 and 2nd internal electrode 10 have piled up in drawing 1 (b) 
serves as a mechanical component, each displacement section 18a is constituted so that this mechanical component may 
be included at least. 

[0035] therefore - each — a variation rate — section 1 8a - each - a variation rate — a variation rate may be 
independently carried out by impressing a signal level between 1st external electrode 15a and the 2nd external electrode 
16 which exist on section 18a. 

[0036] Dr awi ng 6 is an outline block diagram for explaining the ink jet head which used the above-mentioned 
electrostrictive actuator 18 A. The ink room 22 is opened for free passage with the ink jet head 20 by the nozzle 21 
which carries out the regurgitation of the ink. The ink room 22 is constituted so that some [ at least ] wall surfaces may 
have flexibility, and displacement section 15a of electrostrictive actuator 18A is connected with the wall surface which 
has this flexibility. Electrostrictive actuator 1 8 A is driven and ink is breathed out by carrying out the variation rate of the 
displacement section 18a, and squeezing the ink room 22. 

[0037] In addition, about the structure of a nozzle 21 and the ink room 22, the structure commonly used in the 
conventional ink jet printer can be used suitably, and it is not limited especially. Moreover, to one ink room 22, 
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displacement section of one piece 1 8a may be combined, and two or more displacement section 1 8a may be combined 
to one ink room 22. 

[0038] it constitutes from an ink jet head 20 of this example using the above-mentioned electrostrictive actuator 18A - 
having — **** - electrostrictive actuator 18A - each - a variation rate - the variation rate of section 18a - impressing 
a predetermined signal level, since it is hard to produce the variation in an amount — each - a variation rate — the 
regurgitation of the ink of the specified quantity can be correctly carried out from the ink room 22 connected with 
section 18a. 

[0039] Next, the variation in the amount of displacement of each displacement section 18a in electrostrictive actuator 
18A checked by experiment how it would be influenced with the magnitude of the above-mentioned gaps 9 and 12. That 
is, various distance of the gaps 9 and 12 between internal electrodes 7 and 10, and these internal electrodes 7 and 10 and 
the dummy electrodes 8 and 1 1 which have countered in the same height location was changed, and two or more sorts 
electrostrictive actuator 18A was created. And the amount variation of displacement between two or more displacement 
section 18a which can be set to each electrostrictive actuator was searched for by the following formulas. 
[0040] Amount variation =of displacement {(variation rate variation rate whose amount is max variation rate of section 
18a amount - variation rate variation rate whose amount is min variation rate of section 18a amount)/(variation rate 
variation rate whose amount is max variation rate of section 18a amount)} xlOO between the displacement sections (%) 
A result is shown in drawing 7 . 

[0041] As for the edge of the side electrically connected to the distance of gaps 9 and 11, i.e., the external electrode of 
an internal electrode, it turns out that the amount variation of displacement between displacement section 18a becomes 
small as the distance between the edge of the opposite side, this internal electrode, and the dummy electrode in the same 
height location becomes small, so that clearly from drawin g 7 . This means that the diffusion from the internal electrode 
tip of an internal electrode configuration metal is effectively controlled by forming a dummy electrode. Moreover, since 
diffusion of the internal electrode configuration metal for [ since the dummy electrodes 8 and 1 1 are formed ] baking is 
controlled and the electrode piece of an internal electrode decreases, at the time of polarization, an electrical potential 
difference is impressed, and since the volume by which polarization is carried out becomes almost uniform in each 
displacement section 18a, it is thought that the amount variation of displacement is reduced by it. 
[0042] Therefore, in order to maintain the configuration of internal electrodes 7 and 10, the small thing of the above- 
mentioned gaps 9 and 12 is desirable. Especially, the distance of gaps 9 and 12 is known by 100 micrometers or less, 
then that 50 micrometers or less, then the amount variation of displacement between displacement section 1 8a can be 
controlled effectively more preferably so that clearly from drawin g 7 . 

[0043] But if the distance of the above-mentioned gaps 9 and 12 becomes smaller than the distance between the internal 
electrodes which adjoin in the thickness direction, when polarized in the thickness direction, it will become easy to 
produce dielectric breakdown. Therefore, as for the distance of the above-mentioned gaps 9 and 12, it is desirable to 
carry out to beyond the distance between the internal electrodes which adjoin in the thickness direction. 
[0044] Drawing 8 is the sectional view showing the electrostrictive actuator concerning the 2nd example of this 
invention. Although the dummy electrodes 8 and 1 1 were formed in the ceramic sintered compact 17 in the same height 
location as internal electrodes 7 and 10, in addition to a dummy electrode, in the electrostrictive actuator 1 8 concerning 
the 1st example, the variation in the amount of displacement can be reduced also by preparing a float electrode in 
internal inter-electrode one in this invention. 

[0045] The electrostrictive actuator 31 shown in drawing 8 is constituted using the ceramic sintered compact 32 which 
consists of electrostrictive ceramics, such as titanic-acid lead zirconate. Into the ceramic sintered compact 32, two or 
more sheet laminating of the 1st and 2nd internal electrode 33a and 34a is carried out so that it may overlap in the 
thickness direction. 1st internal electrode 33a is pulled out by 1st side-face 32a of the ceramic sintered compact 32, and 
2nd internal electrode 34a is pulled out by 2nd side-face 32b of the opposite side with side-face 32a. 
[0046] Moreover, it is formed in the same height location as the 1st and 2nd internal electrode 33a and 34a like the case 
where the dummy electrodes 33b and 34b are the 1st example. The 1st external electrode 35 is formed, and the 2nd 
external electrode 36 is formed so that 2nd side-face 32b may be covered, so that 1st side-face 32a may be covered. 
Moreover, between internal electrode 33a and 34a, the float electrode 37 which is not electrically connected to the 
external electrodes 35 and 36 is arranged. 

[0047] As the arrow head of illustration shows, polarization processing of the ceramic layer between internal electrode 
33a and 34a is carried out in the thickness direction. Moreover, in the thickness direction, polarization processing of the 
ceramic layer of the both sides of an internal electrode is carried out to hard flow like the case of the 1st example. 
[0048] Therefore, the ceramic layer pinched between internal electrode 33a and 34a expands and contracts in the 
thickness direction, and it operates as an electrostrictive actuator by impressing an electrical potential difference 
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between the external electrode 35 and 36. 

[0049] Also in the electrostrictive actuator 3 1 of this example, the diffusion to the horizontal direction of the internal 
electrode configuration metal from internal electrodes 33a and 34a is controlled by existence of the dummy electrodes 
33b and 34b on the occasion of baking which obtains the ceramic sintered compact 32. In addition, since two or more 
layer laminating of the float electrode 37 is carried out between internal electrode 33a and 34a, on the occasion of 
baking which obtains the ceramic sintered compact 32, the diffusion to the thickness direction of the internal electrode 
configuration metal from internal electrodes 33a and 34a is also controlled. That is, although it is going to diffuse the 
internal electrode configuration metal which constitutes internal electrodes 33a and 34a in a ceramics side on the 
occasion of baking, the float electrode 37 is arranged, and since it is going to spread this float electrode style metal in 
the thickness direction also from the float electrode 37, diffusion of the internal electrode configuration metal from 
internal electrodes 33a and 34a is controlled. 

[0050] Therefore, since the configuration of internal electrodes 33a and 34a is mostly maintained as a design value, the 
amount variation of displacement can be reduced compared with the conventional electrostrictive actuator. But in order 
to obtain the big amount of displacement, it is required to make thin thickness of the ceramic layer between internal 
electrode 33a and 34a, therefore although the big amount of displacement is not calculated, it is suitable [ the 
electrostrictive actuator 3 1 of this example which has the float electrode 37 ] for it for the application asked for the 
precision of the amount of displacement. 

[0051] In addition, the float electrode 37 may be arranged at an outside ceramic layer to the pan of the internal 
electrodes 33a and 34a of a direction of laminating maximum outside, and the diffusion to the direction outside of a 
laminating of the internal electrode configuration metal from the internal electrodes 33a and 34a of the maximum 
outside can be controlled in that case. 

[0052] Since the above-mentioned float electrode 37 is what controls the diffusion to the direction of an internal 
electrode laminating of an internal electrode configuration metal, if arranged at at least one ceramic layer among the 
internal inter-electrode ceramic layer and the ceramic layer of the outside of the internal electrode of a direction of 
laminating maximum outside, it can control diffusion of the internal electrode configuration metal from the internal 
electrode which has countered this float electrode in the thickness direction. That is, there is not necessarily no need that 
the float electrode is formed in the ceramic layers between internal electrodes and all the ceramic layers outside the 
internal electrode of a direction of laminating maximum outside. 

[0053] Moreover, although not illustrated especially, in the electrostrictive actuator 18 concerning the 1st example, the 
float electrode 37 which consisted of electrostrictive actuators 31 of the 2nd example can be combined, you may control 
that an internal electrode configuration metal is spread in the thickness direction from internal electrodes 7 and 1 1 by it, 
and the variation in the amount of displacement can be further reduced by it. 
[0054] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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PROBLEM TO BE SOLVED: To provide a multiplayer piezoelectric actuator in which the inner electrode 
has a profile approximate to design values and fluctuation of displacement is suppressed. 
SOLUTION: A plurality of first and second inner electrodes 7, 10 are arranged in a sintered ceramic 17 
through a ceramic layer while being overlapped in the thickness direction. The first and second inner 
electrodes 7, 10 are led out alternately to first or second side face 17a, 17b in the thickness direction 
and first and second outer electrodes 15, 16 are formed to cover the first or second side face 17a, 17b. 
The ceramic layer is polarized in the thickness direction between the inner electrodes 7, 10 and, at the 
height where the inner electrodes 7, 10 are formed, dummy electrodes 8, 1 1 are formed between the 
end of the inner electrodes 7, 1 0 on the side opposite to the side where the outer electrodes 1 5, 1 6 are 
connected electrically, and the counterpart outer electrodes 15, 16. 
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